The use of Energy-Saving Devices (ESDs) is a way to decrease fuel consumption and greenhouse gas emission on a ship. Not only to reduce fuel consumption, but also the use of ESDs can manage environmental pollution especially air pollution. Propeller boss cap fins (PBCF) is one of ESDs which has a function to help the main propeller gaining more efficiency. However, the configuration of hub slope on a different type of hub cap is very sensitive to whole propeller system performance. The sensitivity of the slope of the hub may affect the different results on the efficiency of PBCF. This is taken into consideration in propeller design with and without the application of PBCF. This analysis was done at full scale using CFD-based RANS method. The result indicated enhancement around 1,3-1,5% on propeller efficiency after adding PBCF with convergent cap type.
Introduction
Waste of fuel and exhaust pollution is now one of the problems in the field of shipping. As an effort to retrenchment fuel and reduce air pollution due to flue gas, the shipping worlds have begun to develop various Energy Saving Devices (ESDs). The International Maritime Organization (IMO) enacts an Energy Efficiency Design Index (EEDI) which is scheduled in January 2014 to reduce carbon-dioxide on shipping operation and building [1] . The development of ESDs is an effort to improve efficiency in ship operations. Focus on this problem is to create more efficient ships.
There are many ways to decrease fuel consumption such as reducing required power for propulsion, required power for equipment on board, and substituting fuel power (partially) by renewable energies like wind and solar energies [2] . The efficiency of the propeller is one of the key issues affecting engine performance. If the performance of the propeller cannot produce the desired efficiency then fuel consumption from the engine will not fit with the initial design. Development of ESDs on the propeller is aimed to reduce the lost flow around the propeller. The loss of flow around propeller is caused by the slip on the blades, the wake flow inequality leading to rotation of the blades, hub or tip vortex [3] .
Hub vortex is one of the problems on propeller performance. With the emerging vortex on the propeller hub, it will reduce the speed and decrease the efficiency of the blades. Not only reduces the performance of the blades, but hub vortex also erodes the rudder. The interaction between rudder and propeller creates several problems such as cavitation caused by low velocity of the vessel, periodic impact due to rotation of the blades to ship structure or rudder, undefined natural side force due to hydrodynamic loads [4] .
Considering the problems of the hub vortex in 1988 appearred the idea of developing Propeller Boss Cap Fins (PBCF) [5] . PBCF can increase thrust and decrease propeller torque by removing hub vortex due to rotation generated by the fins [6] . In Propeller Open Water Test (POT) experiments, PBCF can improve efficiency directly, while the full-scale trial can reduce power by 3.7% [1] . PBFC has been installed on 16 vessels and increase the efficiency by 3.5% [7] .
One part of the geometry on PBCF that affects performance is the shape and angle of the slope on the hub. Research has been conducted with different hub types by [1, 8] . A study on the use of divergent hubs [1] resulted in decreased efficiency, while [8] found that different hub type affect the resulting vortex. From these two studies, it can be concluded that there is a need for further study on the slope angle of the PBCF and the hub type of PBCF to obtain the appropriate PBCF design.
Energy Savings Devices
Energy saving devices (ESDs) is a tool that serves as an effort in saving the use of energy consumption. The various concepts of energy saving are evaluation of the wasted power loss [9] . Fuel consumption can be reduced by optimizing the parts on ship construction such as ship hull, ship propellers, and ship steering or by reducing the cost of operation through speed control, and route optimization [10, 11] . The most crucial thing in the application of propulsion is interaction of resistance, torque, and thrust force. By aligning these three things, we can decrease resistance and increase speed and RPM shafts.
Many ESDs are often applied on ship propulsion and still under development such as Pre-swirl, Duct, and Propeller Boss Cap Fins [12] . Pre-swirl is placed on the propeller flow region and is designed to apply the propeller flow efficiency, as can be seen in Fig.1 The pre-swirl placement is between stern and propeller. From the placement of the Pre-swirl flow can lead well towards the propeller. Pre-swirl focuses wake flow which has an opposite rotating stream with propeller [10] . Pre Swirl can regenerate the drag from the hull of the vessel to positive thrust and provide an efficiency of 4% [13] .
Figure1: Pre-Swirl [13] The duct can also be called a nozzle mounted around the propeller function focuses the flow from hull to propeller shown in Fig. 2 . The duct can reduce the wasted axial flow of the propeller, reduce thrust deduction, and increase uniform flow [9] . The duct can increase thrust propeller by supporting stator to regenerate thrust to positive and increase the efficiency of 6% [13] . PBCF is an innovation in ESDs on propulsion by addition of fins on the boss cap propeller, as can be seen in Fig. 3 . PBCF function to fix propeller flow by removing hub vortex hence propeller gaining efficiency. PBCF is propulsion ESD which converted normal hub into a hub with fins that number of fins same as the number of propeller blades. [14] . By removing hub vortex, PBCF can reduce fuel consumption cost approximately 3 -7 % [2] . By installing PBCF, the occurrence of hub vortex because slipstream can be eliminated and increase efficiency by 2% [13] . 
Propeller Boss Cap Fins
Many problems arise in ship propulsion systems can affect propeller performance and result in fuel consumption. Some problems in propulsion are cavitation and vortex. The vortex hub causes thrust decrease by 3% to 5%, thrust in the hub decrease by 2% and in the blade decrease by 2% to 3% [15] . Some problem like erosion has been found on rudder sister ship and it caused by bubble vortex that occurs due to slipstream [16] . [17, 18] PBFC offers increased efficiency, particularly in the propeller flow. The efficiency is created by eliminating the vortex hub, increasing thrust, and decreasing the torque [19] . By eliminating the vortex hubs, the erosion of the rudder and the weight of the propeller workload can be overcome by the installation of PBCF.
Due to the problem of propulsion began to develop ESDs to optimize the flow of propeller and propeller performance efficiency. PBCF is one solution of flow problems in the propeller. Since 1988, PBCF development studies have been undertaken to improve the efficiency generated by PBCF. PBCF has several parameters that can be varied like axial position fins on PBCF by [1, 14, 17, 21] , pitch angle from fins [1, 14, 17, 21] , hub diameter [21] , and some researchers have conducted a study on it. In Figure 4 we can see some parts of PBCF that can be varied.
The development list of PBCF parameters that have been studied further by many scientists, as can be seen in Table 1 .
All of the research on PBCF development has found out that almost all variations on fins can improve efficiency. However, when the conventional hubs are replaced into PBCF with different hub types and slope angles, the propeller efficiency decreases. This problem caused by PBCF not in suitable with the shape of the hub and it cause vortex on hub propeller.
Each conventional hub type has different vortex characteristics. A simple analysis has been done using the CFD method by [8] from each hub shape against vortex generated. 
PBCF Variation Parameter Author Efficiency
We can see from Fig.6 attach PBCF on a divergent cap can affect the size of hub vortex. Hub vortex affects the thrust and torque from the main propeller.
In general, this is an interesting development, where the change in hub type used by PBCF and the slope is very risky on the resulting efficiency. This, the importance of these two parameters for further investigation. The need to adjust the shape of fins with fins type so that there is no decrease in the efficiency of the PBCF.
Example of Application
The experiment data were carried out [26] , the main propeller selected for this experiment is present with diameter = 2 m, Pitch = 1.6 m, Ae/Ao = 0.55, Blade Number = 4, RPM = 257, Advance Velocity = 9.48 knot, turbulence modeling using standard k-epsilon. 3D model for propeller can be seen in Fig.7 . After obtained 3D model from the main dimension of the propeller. Furthermore, CFD analysis is compared with previous studies [26] whether the configuration used is appropriate. However, the comparison results obtained close to the previous CFD analysis as shown in Table II . The next step after finding the right CFD configuration is continued with the variation on PBCF to be used on the main propeller. The variation in slope angle of hub propeller referred to this experiment described in Fig. 8 . Aspects to be analyzed in the experiment include the effect of changing the angle of the propeller hub cap geometry against the efficiency of the propeller, the use of PBCF with a divergent and convergent cap which has varied the slope angle and varying the fin number used in the divergent cap. For slope angle explained on Fig.9 and kinds of cap used on PBCF is shown in Fig. 10 . After analyzing using CFD software, we get two different case results is shown in Table III . Regarding the value of Thrust Coefficient (KT) on the whole propeller system. First, the result from two kinds of cap between convergent and divergent. Second, the result between two kinds of cap with addition fins. For the first case without addition PBCF, we get contrast result. we can see in Fig.11 convergent cap get increasement KT while divergent cap gets decreasement on KT. For the second case with addition PBCF, we get the same result. we can see on Fig.12 divergent cap with an addition 4 fins get decreasement on KT, even with an addition more fins it makes worst on decresement value of KT. This happens because the increment of the slope angle and addition more fins on the hub resist the thrust generated from the main propeller. After adding PBCF to the propeller system, thrust should be increased, therefore propeller can gain efficiency [5, 19] . The estimation of torque coefficient (KQ) is shown in Table IV present different result between the case with and without addition PBCF. Before adding PBCF into the propeller system there is a decrease in the value of KQ as shown in Fig.13 . [5, 19] therefore propeller can gain efficiency. The flow color behind convergent cap on zero velocity means there is no stream behind the cap and thrust color more dominant. Therefore, propeller system can produce more thrust. After the calculation of efficiency, we found that convergent cap in a case before and after adding PBCF can increase efficiency propeller. By adding PBCF on convergent cap efficiency increase around 1,3 -1,5%. Different result found on divergent cap case, decreasement on efficiency propeller found in a case before and after adding PBCF as shown in Table 5 . As presented in [27] comparison of the performances for the cap relative to standard cone shape type
Conclusions
A review studies on the development of PBCF have been conducted based on the work done by many scientists around the world. PBFC is one of the ESDs which is useful in improving the efficiency of ship propulsion. A lot of follow-up research has been done to obtain the best efficiency from PBCF. From several studies, variation of fins can improve efficiency. While the variation in the shape of the hub and the angle of the slope can lead to decreased efficiency. This becomes important in the adjustment of fins when variations are made on the slope and shape of the hub in order to obtain increased efficiency. The effective need for further research on the variation of the hub shape and the angle of the hub. From a simple CFD analysis it was found that the change in the shape of the hub and the angle of the hub can affect the thrust, torque, and propeller efficiency. Hence, the need to adjust the form of PBCF with the type or angle of the slope of the hub form. Finally, CFD analysis provides the following result :
− Hub cap selection on design propeller influence thrust, torque, and efficiency of the propeller system. − Increase slope angle on a different type of hub cap can produce a different result on thrust, torque, and efficiency propeller system. − Addition PBCF on propeller system does not always give good impact. − The configuration of divergent cap used in PBCF does not produce an increase in efficiency but decreases efficiency while convergent cap can produce an increase in efficiency.
